Background 36 Wheat is the major food grain consumed in temperate countries. Most wheat is 37 consumed after milling to produce white flour, which corresponds to the endosperm 38 storage tissue of the grain. Because the starchy endosperm accounts for about 80% 39 of the grain dry weight, the miller aims to achieve flour yields approaching this value. 40 Scope and Approach 41 Bioimaging can be combined with biochemical analysis of fractions produced by 42 sequential pearling of whole grains to determine the distributions of components 43 within the endosperm tissue. 44 Key Findings and Conclusions 45 This reveals that endosperm is not homogeneous, but exhibits gradients in 46 composition from the outer to the inner part. These include gradients in both amount 47 and composition. For example, the content of gluten proteins decreases but the 48 proportion of glutenin polymers increases from the outside to the centre of the tissue. 49 However, the content of starch increases with changes in the granule size 50 distribution, the proportions of amylose and amylopectin, and their thermal 51 properties. Hence these parts of the endosperm differ in the functional properties for 52 food processing. Gradients also exist in minor components which may affect health 53 and processing, such as dietary fibre and lipids. The gradients in grain composition 54 are reflected in differences in the compositions of the mill streams which are 55 combined to give white flour (which may number over 20). These differences could 56 therefore be exploited by millers and food processors to develop flours with 57 compositions and properties for specific end uses.
3A, p<0.01 from analysis of variance test). 138 However, more detailed studies reveal more subtle gradients in protein composition. 139 Thus, a combination of pearling and immunolabelling of tissue sections showed clear 140 differences in the distributions of gluten proteins, with γ-gliadin and HMW subunits of 141 glutenin being concentrated in the central starchy endosperm cells and α-gliadins, ω-142 gliadins and LMW subunits being concentrated in the outer layers (Tosi et al, 2012; 143 He et al, 2013) . This resulted in increases in the proportions of both total glutenin 144 polymers and, in particular, high molecular mass glutenin polymers in the central part 145 of the grain. The enrichment in glutenin polymers is illustrated in Figure 3B , which 146 shows the ratio of polymeric glutenins to monomeric gliadins determined by size 147 exclusion HPLC. The proportion of high molecular mass glutenin polymers is 148 strongly correlated with gluten strength and good bread making performance 149 (reviewed by Shewry et al, 2003) . Therefore, although the central starchy endosperm 150 cells have a relatively low protein content, this protein would be expected to be of 151 higher quality for bread making than the more abundant protein present in the outer 152 starchy endosperm cells. • The wheat starchy endosperm comprises several cell types differing in composition • These differences include major functional components and healthy micronutrients • These gradients can be explored using microscopy, chemical imaging and pearling • These gradients are reflected in the compositions and properties of mill streams • Millers can exploit these differences to optimise flour composition
